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The fungi that invade and cause disease in
man are essentially misplaced saprophytes.
With the possible exception of some dermato-
phytes, it appears that pathogenieity is an
accidental phenomenon not necessary for the
survival and dissemination of the species con-
cerned. The ability of these particular organisms
to eheit a disease process must be related in part
to some specific mechanism or mechanisms not
shared by closely related species or even other
strains within a species (1)
Many investigations have been carried out
to elucidate tbe virulence factors of the fungi
associated with human mycoses. The derma-
tophytes are closely related to keratinolytic
saprophytes of the soil and their ability to
break down keratin may to a large extent ex-
plain their incidental pathogenieity. The sub-
cutaneous and deep infecting fungi have been
shown to share certain characteristics which
seem to be important for their invasive ability.
Among these are temperature tolerance, growth
in a reduced (O-R) environment, reduetases
associated with cell wall production, and ability
to counteract host defense mechanisms (2—6).
This adaptation of the organism to in viva
existence is often accompanied by a parasitic
growth phase such as the yeast-like phase found
in histoplasmosis, blastomycosis, and sporotri-
chosis, the spherule in eoccidiomyeosis, and the
granules of ehromoblastomyeosis, maduramy-
cosis, and actinomyeosis.
Many spreading factors, toxins, and enzymes
have been described as important in the patho-
genicity of bacterial diseases; few have been
noted in mycotie or actinomyeotie infections.
The keratinolytic activity of dermatophytes,
endotoxins of Asperqillus fumiqatus and Can-
dida albicans have been investigated as well
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as the adaptation of saprophytie fungi to in
viva growth, but these studies are few and the
relation of these factors to disease producing
ability has not been fully elucidated (7—9).
In a series of studies on the mechanisms of
pathogenieity of organisms associated with
mycotie and aetinomycotic infections it was
noted that Streptomyces (Noeardia) madurac
elaborated a diffusible factor which had the
ability to irreversibly break down purified
native collagen. Thirty-eight species of fungi
and aetinomycetes, including dermatophytes
and deeply infecting fungi were tested for
similar activity. A small amount of activity
was noted for Trichophyton schoenleinii but
none for the other organisms tested including
several species associated with actinomycotic
granulomas.
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MATERIALS AND METHODS
Preparation of substrate—Mammalian collagen
was prepared by a modification (Dr. Charles
Levene) of the procedure published by Gross
(10). Chemically depilated guinea pig skins were
frozen in dry ice, ground in 3% acetic acid, and
the resulting slurry was shaken overnight in the
cold. The material was then centrifuged at 25,000
rpm for 45 minutes, the fat skimmed off and the
contents filtered through a medium porosity
sintered glass filter. The filtrate was dialyzed over-
night against phosphate buffer pH 7.5 (0.45 ionic
strength). Trichloracetic acid (25%) was added to
pH 3, the precipitate was centrifuged off and the
supernate dialyzed overnight in the cold against
phosphate buffer. Ethanol was added to a con-
centration of 14% and the centrifuged precipitate
was redissolved in 3% acetic acid, centrifuged and
dialyzed against phosphate buffer, followed by dis-
tilled water and finally lyophilized. This method
results in a highly purified preparation containing
both the neutral salt and acid soluble collagen,
the so-called tropocollagen and newly formed col-
lagen. The material is resistant to trypsin and
pepsin at physiological p11 and is electron micro-
scopically homogenous, showing characteristic
banding and periodieity of reconstituted fibers.
For viscosity studies, dried collagen was redis-
solved in 3% acetic acid, dialyzed against phos-
phate buffer and finally 0.45 ionic strength sodium
chloride.
Screening plates for collagenase activity were
prepared by pouring cooled Czapek Dox agar into
chilled sterile petri dishes containing particulate
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collagen. Fuagi were planted and the plates were
examined for zones of clearing around growing
colonies (Figure 1).
Organisms showing activity on screening plates
were inoculated in flasks of heart infusion broth
and shaken in a water bath at 25° C. for two
weeks. Culture filtrates were lyophilized and later
redissolved for enzyme activity studies.
Assay of enzyme—Collagenase activity wasjudged by two criteria: irreversible decrease in
viscosity of solubilized collagen and release of
dialyzable residues containing hydroxyproline. A
measured amount of redissolved culture filtrate
was added to 4 mls of collagen solution containing
either 1 mg or 2 mg collagen per ml. Boiled en-
zyme and non-inoculated culture media were run
as controls. The tubes were incubated with agita-
tion at 25° C. or 37° C. for 15 mm, 30 mm, 1 hour,
2 hours, 4 hours and 8 hours. The reaction was
stopped by immersion in a 5° C. water bath and
viscosity determined by an Ostwald viscometer.
The reaction mixture was dialyzed against dis-
tilled water. Release of amino acid was measured
by the ninhydrin method and hydroxyproline, free
and bound, was determined by the method of
Prockop and TJdenfriend (11). Protein determina-
tions of culture filtrates were made by the Biuret
and micro Kjeldahl methods.
RESULTS
As shown in Table I, of the thirty-eight
Species of fungi and actinomycetes tested only
Streptoinpces modurac and Trichophyton. scho-
enleir&ii demonstrated any collagenolytic activity.
Tables II and III show the effect of culture fil-
trates of S. madurac on solubilized collagen. There
is evident decrease in viscosity, increase in hy-
droxyproline and amino acids. Culture filtrates of
T. .schoenlcinii showed similar but less pronounced
activity.
DISCUSSION
Collagenases deriving from a number of
bacteria (12), molds (13), shistosome larvae
(14), dog pancreas (15) and gastric juices (16)
have been described. However Mandl et ol
(13) in reviewing the literature maintain
that most of these enzyme preparations can-
not be called collagenase because the substrates
used were either azoeoll (17), heated collagen
(18), or even gelatin [Moribara as quoted in
Mandl (19)]. The gastric secretion studies,
moreover, were carried out at unphysiologie
pH resulting in denaturation of the collagen
(16), and the reported activity of Micro.sparon
canis, Penicillium and Aspergillus sp. and
shistosome larvae were all discounted because
the preparation of the substrate resulted in
denaturation of the collagen. Mandl and
associates concluded that the only microbial
enzymes capable of attacking native collagen
at physiologic p11 and temperature are those
FIG. 1. Growing culture of Slreptomyces madame on a plate containing particulate collagen showing
wide zone of clearing.
COLLAGENASE ACTIVITY 485
Trichophyton rubrum (4 strains)
Trichophyton mentagrophytes (4
strains)
Trichophyton schoenleinii (3 strains)
Trichophyton tonsurans
Trichophyton gallinae
Trichophyton verrucosum
Trichophyton megnini
Trichophyton concentricum
Trichophyton equinum
Trichophyton violaceum
Microsporon audouinii
Microsporon ferrugineum
Microsporon gypseum
Microsporon cooked
Microsporon eanis
Microsporon distortum
Keratinomyces ajelloi
Candida albicans
Sporotrichum schenckii
Cryptococcus neoformans
Histoplasma capsulatum
Blastomyces dermatitidis
Rhodotorula fiava
Paracoccidioides brasiliensis
Streptomyces albns
Streptomyces madurae (3 strains)
Streptomyces pelletieri (2 strains)
Nocardia brasiliensis (2 strains)
Nocardia asteroides (2 strains)
Epidermophyton fioccosum
Allescheria boydii (2 strains)
Phialophora verrucosa
Phialophora pedrosoi
Phialophora compactum
Piedraia hortae
Absidia ramosa
Aspergilius fumigatus
TABLE II
Action of culture filtrate of Streptomyces madurae
on soluble collagen
Time R(n/no)
0 3.52
1 2.26
2 I 1.56
4 I 1.35
8 1.16
Micrograms Ilydroxy-
peoline Released
—
19.66
49.15
78.66
157.32
Tubes contained 4.5 ml collagen (1 mg/mi) and
0.5 ml culture filtrate incubated at 370 C for 8
hours. The pH, initial and final, was 7.5. Total
amino acids released at 8 hours was 2.9 mg.
TABLE III
Change in Relative Viscosity of Two Concentrations
of Collagen by Filtrates of S. madurae
RelativeViscosity R(o/o,) 2 mg/mI
Initial 3.52 6.98
Final 1.16 1.32
4.5 ml of soluble collagen with 0.5 ml culture
filtrate and read immediately and after 8 hours
incubation at 370 C.
and a pathogenic fungus which fulfill the
criteria for specific eollagenase.
Collagenases have potential value in such
industries as leather and meat processing as
well as for wound debridement and in the
preparation of materials for tissue culture.
The ease with which collagenases can be ob-
tained from these readily grown organisms
suggests them as a possibly valuable commer-
cial source of this enzyme.
Purification, characterization and inhibition
studies relating to these collagenases and their
possible role in the pathogenesis of disease
are presently under way.
sUMMARY
(1) Of thirty-eight species of fungi and
actinomyces associated with human disease,
only Streptomyces (Nocardia) madurae and
Trichophyton schoenleinii showed collagenase
activity.(2) Culture filtrates of the two organisms
irreversibly decreased the viscosity of a collagen
solution and showed a release of dialyzable
of Clostridium welchii and Clostridium his-
tolyticum. The most recently described enzy-
matic system in gastric secretion (12) capable
of reducing the viscosity of collagen by releasing
a polar protein end group does not release
hydroxyproline and therefore cannot be termed
a eollagenase. The studies reported here repre-
sent the first descriptions of collagenolytic ac-
tivity derived from a pathogenic aetinomycete
TABLE I
Survey of organisms for collagenolytic activity on
collagen particle plates
Organism
Activity(2 weeks
Jocubation)
and Diameter of
Cleared Zone
+ (14 mm.)
+ (23 mm.)
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peptide residues specifically containing hydroxy-
proline, thus fulfilling the criteria for a specific
eollagenase.
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